Matelea (Apocynaceae, Asclepiadoideae) is a genus of approximately 225 species in milkweed subtribe Gonolobinae. This New World genus is predominantly found in tropical to subtropical regions and is represented in Oklahoma by four species. Two of these, M. biflora and M. cynanchoides, are closely related, non-twining perennial herbs that have long confused amateur and professional botanists alike due to similar morphological features. This paper includes a brief review of their taxonomic history and describes the morphology, ecology, and distribution of these species in Oklahoma and neighboring states. Photographs, a distribution map, and a key to the species of Matelea in Oklahoma are included.
INTRODUCTION

Milkweeds in Oklahoma from
Apocynaceae subfamily Asclepiadoideae (the former Asclepiadaceae) display an array of diversity. Species include erect and prostrate herbs and herbaceous vines in five genera (Asclepias L., Cynanchum L., Funastrum E. Fourn., Gonolobus, and Matelea Aubl.). In addition to variation in growth form, they exhibit a variety of corolla forms and variation in the distinctive features of the milkweed subfamily: fusion of male and female floral whorls forming a gynostegium, and an additional floral whorl, the corona.
Matelea is a large genus of approximately 225 species in the milkweed subtribe Gonolobinae. This New World genus consists mostly of vines and is found in tropical and subtropical regions. Matelea is known to be broadly polyphyletic (i.e., consisting of multiple lineages that are not necessarily closely related) and is a good candidate for taxonomic dissolution (Krings, Thomas, and Xiang 2008; Parks 2008; McDonnell and Fishbein, in prep) . In Oklahoma, Matelea is represented by four species that form two morphologically distinct pairs; Matelea baldwyniana (Sweet) Woodson and Matelea decipiens (Alexander) Woodson are vines most common in the eastern part of the state, and Matelea biflora (Nutt. ex Raf.) Woodson and Matelea cynanchoides (Engelm. and A. Gray) Woodson are prostrate to decumbent species, present throughout much of the eastern two-thirds of the state. Pending additional phylogenetic and morphological study, the four species will likely be placed in two genera, distinct from Matelea in the strict sense, which will be restricted to species native to Central and South America.
One of these Oklahoman Matelea species pairs, the non-twining herbaceous species M. biflora (Figs. 1A, 1C) and Specimens obtained from loans and field collections were used for morphological study. Measurements of floral and vegetative characters were carried out using Olympus® cellSens Entry 1.6 imaging software and an Olympus® SZX10 dissecting microscope outfitted with an Olympus® SC30 CMOS color camera.
A distribution map (Fig. 2) for both species was produced using a combination of Google Earth®, Adobe® Illustrator, and Adobe® Photoshop software. The points on the map include specimens examined and records downloaded from databases for which specimens were not examined. Due to imprecise locality data, not all records could be accurately mapped. Records with ambiguous or incomplete locality data were excluded. 1A, 1C) were collected by intrepid English botanist Thomas Nuttall near the Red River in the Arkansas Territory during his travels between October 2, 1818, and February 18, 1820. The collection date was not recorded by the collector or by subsequent taxonomists working with the material. The specimens were probably collected in the summer of 1819, the only time during his trip when flowering specimens were likely abundant. At the time, the Arkansas Territory included all of present day Arkansas and most of present day Oklahoma (the northernmost counties and the panhandle of Oklahoma were excluded). According to his journal and the interpretations of later scholars, Nuttall doesn't appear to have crossed the border into Texas, which was then owned by Spain. The specimens were likely collected on the Oklahoma side of the Red River, in either Choctaw or McCurtain County (Lottinville 1980; Tyrl and Shryock 2014) . The specimens were labeled in Nuttall's handwriting "Gonolobus *biflorus Nutt". The asterisk denotes his convention of marking a species name as new (McLean 1980; Stuckey 1966) .
Angela McDonnell
Many of the Gonolobus biflorus specimens Nuttall collected received additional labels and were distributed to several herbaria. Currently, there are at least eight duplicate However, even before Nuttall's (1837) report on the flora of the Arkansas Territory was published, Constantine Samuel Rafinesque, a self-educated professor of botany and natural history who elicited considerable controversy from his contemporaries (Boewe 2003; Warren 2004) , published a New Flora of North America (1836). In this work, Rafinesque was the first to describe and validly publish Gonolobus biflorus from a specimen he saw at the herbarium of Zaccheus Collins, a Philadelphia merchant and avid collector of herbarium specimens. According to correspondence held by the American Philosophical Society, the two men were friendly and discussed botanical findings, travels, reading habits, and finance (Collins 1805 -1827 , Redfield 1876 . In 1833, two years after Collins' death, most of his herbarium was sold to Rev. Lewis David von Schweinitz, and a small portion of the collection was sold to Rafinesque shortly thereafter (Stuckey 1971 Decaisne (1844) included the species in his newly described genus, Chthamalia Decne., citing Nuttall as the author of the basionym. Asa Gray also cited the species with Nuttall as the author in his Synoptical Flora of North America (1878).
More than 120 years after Nuttall's specimen was first collected, milkweed specialist Robert Everard Woodson, Jr. lumped Chthamalia, including Chthamalia biflora, into the genus Matelea, along with over 100 species in more than 20 genera (Woodson 1941 
Species description
Plants prostrate, usually with 5-20+ stems from a thickened taproot, stem length in flower 10-50 cm, lengthening in fruit, malodorous throughout; the largest leaves with petioles 0.7-2.5 cm long, blades broadly lanceolate to broadly ovate or nearly triangular, 1.5-5.0 cm long and 1.0-3.2 cm wide, bases deeply to shallowly cordate, apices acute, youngest leaf bases with a pair of rounded colleters; inflorescences of axillary pairs or solitary flowers; peduncles 0-10 mm; pedicels 0.2-1.1 cm; calyx lobes ovate to triangular, 2.0-3.5 mm long; corolla shallowly campanulate-rotate usually with spreading lobes, maroon to dark brown, 8-13 mm in diameter, deeply 5-lobed; lobes elliptic to narrowly deltoid, margins often reflexed at maturity, densely pilose adaxially and sparsely pilose abaxially; corona consisting of a fleshy disk arising at the junction of the gynostegial column and the corolla, with 5 fleshy, incurved lobes, maroon to dark brown, approximately triangular in cross section, incumbent on anthers; anthers with entire, white, membranous, apical appendages; fruit a muricate, ellipsoid follicle, 5-10 cm long, protuberances numerous (≥5 per 5 cm of follicle length).
Distribution and Ecology
Matelea biflora has been found most commonly on or adjacent to the Edwards Plateau in Texas. The range extends north to the Glass (Gloss) Mountains in Major County, Oklahoma. The easternmost collection was made near Idabel in McCurtain County, Oklahoma. The western edge of its range is near the Texas-New Mexico state line, where two specimens have been collected from Lea County, New Mexico (see Fig. 2 ). In Oklahoma, M. biflora is most commonly found south of I-40 in the southern tier of counties, particularly in areas with shale, dolomite, gypsum, limestone, or sandstone substrates (USGS 2005) . It is also found west of Oklahoma City in Comanche, Caddo, Canadian, and Major counties on sandstone, shale and limestone. To the southeast of Oklahoma City, it has been collected in Murray, Pontotoc, Johnston, and Carter counties on limestone, shale and conglomerates. In the proximity of the Ouachita Mountains, it has been collected on shale and limestone.
Matelea biflora is generally found on hillsides or plains, in intact or disturbed prairies, pastures, ditches, or roadsides, where the soils generally include clay, rocks and sand. Due to its prostrate, highly branched growth form, M. biflora tolerates mowing quite well and is often locally common when found in mown habitats. Among the Level III ecoregions of Texas and Oklahoma (Griffith et al. 2004; Woods et al. 2005) , this species has been collected in parts of the High Plains, the Central Great Plains, and the Cross Timbers. It is also found throughout the Edwards Plateau ecoregion of Texas (Griffith et al. 2004 ). Within Oklahoma, M. biflora is also found within the South Central Plains ecoregion (Woods et al. 2005) .
Few collectors have noted associated species; however, available data suggest that these are numerous and diverse. They include graminoids in the genera Aristida, Bothriochloa, Bouteloua, Bromus, Carex, Dicanthelium, Erioneuron, and Poa. Other herbaceous associates include species of Aphanostephanus, Asclepias, Ambrosia, Artemisia, Atriplex, Centaurea, Callirhoe, Calylophus, Chrysopsis, Croton, Cuscuta, Dalea, Desmanthus, Euphorbia, Gaillardia, Grindelia, Hedeoma, Hedyotis, Hymenoxys, Krameria, Lesquerella, Linum, Melampodium, Opuntia, Plantago, Ruellia, Solanum, Salvia, Stillingia, Teucrium, Thamnosma, Thelesperma, and Tragia. Volume 14, December 2014 Angela McDonnell Woody associates include species of Juniperus, Prosopis, Quercus, and Ziziphus.
Though almost nothing is known about faunal interactions with M. biflora, including potential pollinators, I have observed dung beetles in the genus Euphoria on flowers twice, but with no pollinia attached (these have also been observed by Mark Fishbein, pers. comm.). Near Fort Worth, Texas, I have observed blister beetles from the family Meloidae on the foliage. Additionally, I've seen a variety of ants and flies on and around flowers. 
Matelea cynanchoides (Engelm. & A.
Gray) Woodson
Gonolobus cynanchoides
Taxonomic History
Matelea cynanchoides (see Figs. 1B, 1D) was first described as Gonolobus cynanchoides by George Engelmann and Asa Gray in 1845. Ferdinand Lindheimer collected the type specimen during his second collecting trip in Texas in 1844. The holotype is held at MO. There are also four duplicates: one at K, two at GH, and one at University of Michigan (MICH). According to the accompanying label, the specimen was collected in "Sandy soil, in open woods, near Industry. April-June". Lindheimer was contracted by Engelmann and Gray to collect specimens in Texas, and many new species discovered by Lindheimer were described by these two leading botanists of their time (Blankinship 1907) . On the 1844 collecting trip, Lindheimer traveled from the Brazos River, near San Felipe, to Industry and then west to the Colorado River. Industry, where the specimen was collected, is a small community in Austin County between the cities of Austin and Houston. In the introductory remarks to Engelmann and Gray's (1845) published enumeration of Lindheimer's collections, they noted this region had rocks of secondary sandstone, cacti, and prairies with large numbers of anthills.
The morphology of G. cynanchoides was described by Engelmann and Gray as follows: "Stems 6 to 15 inches high, diffuse; leaves 1-2 inches long, cordate, with an open sinus, the uppermost sometimes almost truncate at the base. Corolla greenish purple, about two lines [i.e., 0.2 in] in diameter". They also described the coronal structure and pollinia characters in some detail. Interestingly, they concluded that this taxon is a likely congener of Decaisne's Chthamalia biflora (=Matelea biflora, see above). Gonolobus cynanchoides was differentiated primarily by its glabrous corolla. Engelmann and Gray did not take up Decaisne's (1844) generic name, Chthamalia, published the previous year, because they argued that the characters possessed by G. cynanchoides were accommodated by the range of variation in Gonolobus, as understood by botanists of that time, including Decaisne. Thus, they rejected Decaisne's concept of Chthamalia as a genus (Decaisne 1844; Engelmann and Gray 1845) and maintained the morphological diversity housed within Gonolobus.
After the initial description of G. cynanchoides, Amos Arthur Heller transferred the species to the genus Vincetoxicum (Heller 1900) . In doing so, he adopted a then current taxonomic opinion that Vincetoxicum was the correct generic name for Gonolobus, but this opinion was overturned a few decades later. Just under 100 years after the first G. cynanchoides specimens were collected, Woodson (1941) placed G. cynanchoides into Matelea (along with many other species, including M. biflora).
Species description
Plants erect, decumbent or prostrate, usually with 3-10+ stems from a thickened Angela McDonnell taproot, stem length in flower 20-40 cm, lengthening in fruit, malodorous throughout; the largest leaves with petioles 0.7-1.3 cm long, blades broadly ovate to deltoid, 1.5-4 cm long and 1.5-3.2 cm wide, bases truncate to deeply cordate or sagittate, apices acute to rounded, youngest leaf bases with 2-4 elongated, pointed colleters; inflorescences of axillary (sometimes appearing terminal) fascicles or shortly pedunculate umbels; peduncles 0-13 mm; pedicels 3-6 mm long; calyx lobes ovate to elliptic, 2-3 mm long; corolla shallowly campanulate-rotate, usually with ascending lobes, green to maroon or dark brown, 6-9 mm in diameter, 5-lobed; lobes ovate to deltoid, margins not reflexed at maturity, glabrous to sparsely pilose adaxially and glabrous abaxially; corona consisting of a fleshy disk arising at the junction of the gynostegial column and the corolla, with 5 fleshy incurved lobes, green, yellow, or maroon, approximately rhombic in cross section, incumbent on anthers, anthers with lobed, white, membranous, apical appendages; fruit a sparsely muricate, broadly ellipsoid follicle, 7-10 cm long, protuberances few (≤3 per 5 cm of follicle length).
Distribution and Ecology
Matelea cynanchoides is most commonly found along the Gulf Coastal Plain in Texas. The distribution extends northward to Oklahoma and is strongly associated with Quaternary dunes and alluvial deposits, especially those near the Red, Canadian, and North Canadian Rivers (USGS 2005) . To the east, the range of M. cynanchoides extends to Miller County in the southwest corner of Arkansas and Caddo Parish in the northwest corner of Louisiana. To the west, this species largely circumvents the Edwards Plateau in central Texas, but does reach isolated outposts in Kent County in northcentral Texas, where a specimen was collected from a sand sheet deposit. It has also been found at an isolated site in Greer County, Oklahoma, where it is associated with terraces of the North Fork of the Red River, near Lake Altus-Lugert (see Fig. 2 ). Along both sides of the Red River, M. cynanchoides populations are found on alluvial deposits (mostly Cretaceous sands) intercalated between M. biflora populations that occur along upland bluffs on sedimentary substrates. Populations in southern and eastern Texas are found on various sandy deposits that include Queen City sand, Carrizo sand, the Lissie formation, the Willis formation, and the Catahoula formation as well as mudstone, sandstone, siltstone, and alluvium.
Matelea cynanchoides is typically found in openings in cross timbers and pine-oak forests and in prairies. It is strongly associated with stabilized dune systems. This species tolerates disturbance and is regularly found in weedy sites along roads, in pastures, and other deforested areas. Unlike its congener, this species is decumbent-upright, but it seems to recover well from the effects of mowing by producing branches from the base or from low axillary buds. In Texas and Oklahoma, M. cynanchoides has been well collected from two Level III ecoregions (Griffith et al. 2004; Woods et al. 2005) : the South Central Plains and the East Central Texas Plains. The westernmost collection of M. cynanchoides is from a sand sheet near the Lubbock area, in the High Plains ecoregion. There are also many collections from within the Western Gulf Coastal Plains ecoregion of Texas (Griffith et al. 2004 ). In Oklahoma, M. cynanchoides also occurs in the Central Great Plains and the Cross Timbers (Woods et al. 2005) .
Though few specimens record associated species, available data suggest that the associated species are numerous and diverse. These include graminoids in the genera Aristida, Cenchrus, Dichanthelium, Digitaria, Eragrostis, Eustachys, Panicum, Paspalum, and Sporobolus. Other herbaceous associates include species of Acalypha,
